Laughter or smile is one of the emotional expressions of pleasantness with characteristic contraction of the facial muscles, of which the neural substrate remains to be explored. This currently described study is the first to investigate the generation of human facial expression of pleasant emotion using positron emission tomography and H 2 15 O. Regional cerebral blood flow (rCBF) during laughter/smile induced by visual comics and the magnitude of laughter/ smile indicated significant correlation in the bilateral supplementary motor area (SMA) and left putamen (P < 0.05, corrected), but no correlation in the primary motor area (M1). In the voluntary facial movement, significant correlation between rCBF and the magnitude of EMG was found in the face area of bilateral M1 and the SMA (P < 0.001, uncorrected). Laughter/smile, as opposed to voluntary movement, activated the visual association areas, left anterior temporal cortex, left uncus, and orbitofrontal and medial prefrontal cortices (P < 0.05, corrected), whereas voluntary facial movement generated by mimicking a laughing/smiling face activated the face area of the left M1 and bilateral SMA, compared with laughter/smile (P < 0.05, corrected). We demonstrated distinct neural substrates of emotional and volitional facial expression and defined cognitive and experiential processes of a pleasant emotion, laughter/smile. © 2002 Elsevier Science (USA)
INTRODUCTION
Of all human expressive behaviors, it is laughter and smile that have surely attracted and puzzled philosophers and scientists from ancient times to the present. Many noted philosophers, such as Kant, Spencer, Dumas, and Bergson, discussed and left us works on laughter and smile; nonetheless no consistent theories on this facial expression of emotion have been established until now. Although the prototype of laughter and smile is observed in primates (Van Hooff, 1972) , well-developed laughter and smile are unique to human beings. As Charles Darwin described, laughter and smile is an innate emotional expression of joy, happiness, and high spirit (Darwin, 1955) and acquire social and communicative meanings in the developmental process. The neural substrates of this expressive behavior unique to human with stereotypic combined contraction of the specific facial muscles remain almost unknown. Here, using positron emission tomography (PET) we performed two activation studies, one targeting the facial expression of pleasant emotion (laughter or smile) induced by comic film clips and the other targeting voluntary facial movement mimicking the facial expression of pleasant emotion.
Recently, a number of functional neuroimaging studies on emotion were undertaken, but those studies primarily targeted the nature of the cognitive and experiential components of emotion like recognition of facial expression and mood induction by recalling personal emotional episodes, by presenting emotive slides and so forth. Although emotion also contains an expressive component in addition to cognitive and experiential components (LeDoux, 1987) , the generation of facial expression of emotion has not been studied because of the difficulties in quantification of facial expression. In the same era of Darwin, Duchenne wrote that the emotion of frank joy is expressed on the face by the combined contraction of the zygomatic major muscle and the orbicularis oculi (Duchenne, 1990) . Today, it is well accepted that these two muscles are mainly involved in the facial expression of laughter and smile (Ekman et al., 1990) . In the first step, we performed a PET study of the generation of facial expression of pleasant emotion with simultaneous electromyographic (EMG) monitoring of the major zygomatic muscles (Schwartz et al., 1976; Iwase et al., 1999) .
In this activation study on the generation of emotional facial expression, there are several intrinsic problems. The first problem is the possible head motion during the intense laughter. The second problem is the necessity for simultaneous EMG monitoring of facial muscles to evaluate the intensity of laughter or smile during scan. To overcome these problems, we selected PET instead of functional magnetic resonance imaging (fMRI) despite its significance in recent brain activation studies. The third problem is that facial expression of pleasant emotion is transient. To detect transient rCBF changes caused by laughter or smile, we presented comic film clips to the subjects in such a way that the funniest scenes appeared at the appropriate time during the PET scans ( Fig. 1 ; Silbersweig et al., 1993) . As the fourth problem, it is difficult to induce a stable emotional response in all subjects. In the initial phase of this study, we planned the experimental paradigm which included three experimental conditions of comic, voluntary movement, and control task. However, there was a possibility that the subjects did not show significant emotional response during the limited number of PET scans in the comic condition. This obliged us to select the experimental paradigm that the subjects viewed comic film clips during all the 12 PET scans. Fifth, laughter and smile are distinguished by whether characteristic and stereotypic vocalization is accompanied (Provine and Young, 1991) . This can be detected by monitoring respiratory changes using respiratory band wound around the thorax. Since the EMG activity of laughter is larger than that of smile, comparsion of laughter and smile could be confounded by the magnitude of EMG activity. Therefore, we used electromyographic (EMG) signal of facial muscle as an index of induced emotion and selected a parametric experimental design using the EMG signal as a covariate to test a significant correlation between the change of regional cerebral blood flow (rCBF) and the magnitude of facial expression of pleasant emotion.
After the success in the first PET study of facial expression of pleasant emotion (totally 144 data sets, 12 ϫ 12 scans), we planed the second PET study of voluntary facial movement 6 months later, possibly with participation of the same subjects. The purpose of the second PET study was the comparison of emotional facial expression and voluntary facial movement since they were based on distinct neural substrates indicated by the lesion studies on neurological disorders called emotional and volitional facial paresis (Laplane et al., 1977; Hopf et al., 1992; Ross and Mathiesen, 1998) . Emotional facial paresis (EFP) is a neurological disorder showing loss of emotional facial expression without impairment of voluntary facial muscle contraction. The brain regions responsible for EFP are reportedly the thalamus, striatocapsular area, frontal subcortical white matter, the medial frontal lobe including the supplementary motor area (SMA), and dorsolateral pontine tegmentum area (Laplane et al., 1977; Hopf et al., 1992 Hopf et al., , 2000 Ross and Mathiesen, 1998) . In contrast, volitional facial paresis (VFP), commonly observed in the lesions in the corticobulbar tract including the primary motor area (M1), does not affect emotional facial expression (Hopf et al., 1992; Topper et al., 1996; Trepel et al., 1996; Ross and Mathiesen, 1998; Urban et al., 1998) . The most striking evidence derived from these reports is that the M1 is not necessary for emotional facial expression. To confirm this, we performed the second version of PET study on voluntary facial movement mimicking a laughing or smiling face without any emotional contents. In addition, the comparison of the two conditions may also give us novel information to comprehend the cognitive and experiential processes of pleasant emotion although several limitations were included in this.
METHODS

Subjects
Twelve right-handed, neurologically and psychiatrically normal volunteers (6 males, 6 females, 28 -45 years old) participated in the PET session of viewing comic film clips (the comic condition), and 6 of these 12 volunteers (three males, three females, ages 30 -45) accepted our proposal to participate in the PET session of the voluntary facial movement (the voluntary condtion) about 6 months after the first study. All participants gave written informed consent according to the Declaration of Helsinki and were paid for their participation. This study was approved by the ethical committee of Positron Medical Center, Hamamatsu Medical Center. 
Stimuli and Tasks
There were two PET sessions in the present study. During the PET session of the comic condition, 12 comic film clips without sound were presented on 14-inch liquid crystal monitor located 40 cm in front of each subject. The film clips were composed of famous British comic series "Mr. Bean" (Polygram). The contents of the film clips consisted mainly of slapstick antics. Although original films contained sound, we presented them to the subjects silently to simplify the modality of films (visual only). As a result, silent film clips successfully induced emotional responses of the subjects. Subjects were instructed to respond to the film clips at their will by laughing or smiling if the clips were pleasant, otherwise not. Each film clip was 215 s long, was started 120 s before the radiotracer was administered, and was continued throughout each PET scan. Each film clip was edited and presented in such a way that the funniest scene appeared on the monitor during the rising phase of the head curve of radioactivity, the specific 30-s time window during which taskrelated rCBF changes could be detected (Silbersweig et al., 1993) (Fig. 1 ). To address potential order effects, film clips were presented in random order. During the PET session of the voluntary condition, all participants were instructed to see eight silent film clips featuring the same actor without any parts of a funny scene and to pull bilateral lip corners upward without any feelings mimicking a laughing or smiling face during the presence of a cue image (the actor standing by his car) lasting for 4 s on the monitor. The cue images were spliced into unfunny films to appear during the rising phase of the applied radioactivity (Fig. 1) . The frequency of cue image appearance during rising phase was varied from zero to three times in each scan. The frequency of cue image appearance was determined with reference to the number of facial muscles contractions in the comic condition. The procedure of presenting film clips and the timing of the PET scan were the same as the PET session of the comic condition described above. Immediately after each scan in both sessions, each subject rated his/her impression on the film presented regarding three emotions (pleasantness, sadness, disgust) using a separate 0 -10 visual analog scale.
Settings of MRI and PET
Just before the PET measurement, we performed magnetic resonance imaging (MRI) for all participants using a 0.3-T static magnet system (MRP7000AD, Hitachi, Tokyo, Japan) with three-dimensional mode sampling to exclude abnormalities in the brain structure and to make reference to individual MR images in the procedure of spatial normalization of PET images (Ouchi et al., 1999) . The same thermoplastic face mask was used for head fixation during MRI and PET measurements. We used a high-resolution PET scanner (SHR22000, Hamamatsu Photonics KK, Hamamatsu, Japan) with spatial resolution of 3.5 mm at full width half maximum (FWHM) transaxially and 4.2 mm axially, with a 23-cm axial field of view, yielding 63 image slices simultaneously. After backprojection and filtering, the image resolution was 8.0 ϫ 8.0 ϫ 5.3 mm FWHM. The voxel of each reconstructed image measured 1.73 ϫ 1.73 ϫ 3.6 mm. Since the study materials consisted of 12 different film clips in the PET session of the comic condition and 8 clips in the PET session of the voluntary condition, 12 or 8 relative rCBF images were obtained by integrating data over a period of 60 s starting from when the tracer first entered the cerebral circulation after a bolus injection of 370 MBq of H 2 15 O. Just prior to the PET measurement, each participant was prepared for electrophysiological measurements: placement of electrodes on bilateral major zygomatic muscles and orbicularis oculi muscles according to the guideline of Fridlund and Caccioppo (1986) for recording facial muscle EMGs and placement of electrodes on forearms for measurement of electrodermal activities. Respiratory chest band was wound around the subject's thorax to monitor respiratory change. The tonic discharge of facial muscles with or without respiratory change was considered as laughter or smile, respectively. Systemic blood pressure was measured periodically with a sphygmomanometer on the right arm, and facial expression was recorded by a CCD video camera equipped at the side of the screen monitor. Then, each subject underwent venous catheterization of the left antecubital vein for tracer administration, and his/her head was maintained motionless by use of a thermoplastic face mask during a 15-min transmission scan for attenuation correction performed with a 68Ge/68Ga source.
Data Analysis
To evaluate the magnitude of facial expression of pleasant emotion and voluntary facial movement during rising phase, EMGs of facial muscles were recorded digitally using multipurpose electroencephalograph (NeuroFax EEG-2100, Nihon Kohden, Tokyo, Japan) with 500 Hz sampling rate. Data analysis was performed on a PC-AT-compatible computer using DaDisp ver 4.0 (DSP Development Corporation, Cambridge, MA). Two envelope curves were drawn over and under the waveform of EMG. The area bound by two envelope curves was computed. This area divided by the duration of rising phase (30 s) was used as mean muscle discharge during the rising phase (Iwase et al., 1999) . To adapt to SPM analysis, these values of mean muscle discharge were normalized within each subject. This normalized value (EMG score) was used in the further analysis. Baseline EMG activities were obtained during 30-s resting state at the beginning of each comic film clip. The results in the present study derived from the right major zygomatic muscle were consistent with those derived from the left one. To investigate head deviations during the rising phase of intracranial radoactivity, we used an 8-mm-wide marker put on the forehead and a VCR with which the subject's face with the marker was recorded every 100 ms. On the transformed JPEG images with 640 ϫ 480 matrix size, we traced the movement of the marker on the forehead and estimates head deviations during the rising phase. PET data were analyzed by using SPM99 software as described below briefly. Realignment of all PET scans to the first emission scan was performed to correct for head movement (Friston et al., 1995a,b) . After realignment, all images were transformed into a standard stereotaxic anatomical space (Talairach and Tournoux, 1988) and filtered with an isotropic Gaussian kernel of 8-mm full width at half maximum. The effect of variance due to global CBF was removed by using proportional scaling with the global flow normalized to 50 mL/100 mL/min. Statistical analyses with general linear model were performed on voxel-by-voxel basis with t statistics for detecting significant correlations of rCBF with EMG scores of facial expression of pleasant emotion among the 12 subjects and with the scores for voluntary face movement among the 6 subjects. The two conditions (the comic and voluntary condition) were compared within the same 6 subjects. The appropriate design matrices were used to specify these analyses. The resultant set of voxel values for each contrast constituted a t statistic SPM{t}, which was then transformed to a unit normal distribution (SPM{z}) map (Friston et al., 1995a) . Statistical significance was set at P Ͻ 0.05 with correction for multiple comparisons at voxel level (Friston et al., 1995a) , except for the parametric analysis of the voluntary condition.
RESULTS
During the rising phase of the comic condition in the half of the PET scans, laughter was observed more than once, and only smile was observed in the other half of the scans. During the rising phase of radioactivity in the PET study of the comic and voluntary condition, the subjects exhibited significantly larger mean EMG discharges relative to nonlaughing or smiling baseline EMG discharge, and no significant differences were found among the comic and voluntary conditions (3.6 Ϯ 2.6 V at baseline, 11.9 Ϯ 13.7 V in the comic condition in 12 subjects, 12.5 Ϯ 16.8 V in the comic condition in the 6 subjects who participated two PET studies and 8.6 Ϯ 5.3 V in the voluntary condition; df ϭ 3,404; F ϭ 17.16; P Ͻ 0.0001, one-way ANOVA) (Fig. 2A) . The EMG discharge during the rising phase of the comic condition was similar to that in our previous study (Iwase et al., 1999) . These data from EMG activities indicated that laughter or smile was sufficiently induced during this period and that mean EMG discharge of laughter/smile were identical with that of the voluntary movement. The self-rating scores using visual analog scale of the three emotions in the comic condition (pleasantness, sadness, and disgust) indicated specific induction of pleasantness without any negative emotions (self-rating scores of pleasantness, 5.4 Ϯ 2.2 points; sadness, 0.083 Ϯ 0.48; disgust, 0.47 Ϯ 1.2) (Fig. 2B ). There were significantly lower points of pleasantness in the voluntary condition, compared with that in the comic condition (1.3 Ϯ 1.7 points in the voluntary condition and 5.2 Ϯ 2.2 in the comic condition, df ϭ 118, t ϭ 10.6, P Ͻ 0.0001, two-tailed, Student t test), whereas the points of the other two emotions were apparently low in both conditions (Fig. 2B ). These data from the self-rating scores of emotions indicated no occurrence of significant emotional changes during the 'neutral' film clips in the voluntary task.
The head deviations in the biggest and slightest facial expression of pleasant emotion and in the biggest and slightest voluntary contraction as revealed by EMG were estimated to be 1.71 Ϯ 0.67, 1.31 Ϯ 0.50, 1.50 Ϯ 0.66, and 1.25 Ϯ 0.66 mm, respectively. There were no significant differences among these deviations. These data indicated that the head deviations during scan were little and did not depend on the magnitude of facial muscle contraction.
In the comic condition, analysis using a statistical parametric mapping (Friston et al., 1995a) software (SPM99; Wellcome Department of Cognitive Neurology, Institute of Neurology, London, UK) implemented in MATLAB (Mathworks Inc., Sherborn, USA) revealed significant correlation between rCBF and the EMG score of facial expression of pleasant emotion in the supplementary motor area (SMA) and left putamen (P Ͻ 0.05, corrected; Fig. 3 ; Table 1), although there was no significant correlation in the primary motor cortex (M1) even when the statistical threshold was lowered.
In the voluntary condition, as expected, significant correlation between rCBF and EMG score was observed in the face areas of M1 bilaterally and the bilateral SMA at the statistical threshold of P Ͻ 0.001, uncorrected (Fig. 4) . In contrast with the results of the comic condition, there was no significant correlation in basal ganglia. Although the analysis in the both sessions revealed the involvement of the SMA, the coordinate of significant correlation with local maximal Z score in the comic condition seemed different from the one in the voluntary condition. The area related with facial expression of pleasant emotion was located in the pre-SMA (x, y, z ϭ 4, 8, 56), while the area related with voluntary facial movement was in the SMA proper (x, y, z ϭ Ϫ6, Ϫ10, 78).
To clarify the distinct neural substrates of emotional facial expression and voluntary facial movement and to detect the brain regions involved in the cognitive and experiential process of pleasant emotion, the comparison of rCBF patterns of the comic and voluntary condition in the same six subjects who participated in both conditions were performed. As compared with the vol- "Comic 6 subjects" (yellow) refers to mean EMG discharge of facial expression of pleasant emotion in the comic condtion in the six subjects who participated two PET studies. Mean EMG discharge of nonlaughing baseline was significantly lower than those of other three conditions. (B) Self-rating scores of three emotions (pleasantness, sadness, and disgust). Sufficient pleasantness was reported in the PET study of the comic condition and little pleasantness in the voluntary condition. No negative emotions were reported in two PET studies. The bars above the boxes in A and B correspond to standard error of mean. (BA 11), and right medial prefrontal cortex (BA 9) (P Ͻ 0.05, corrected; Fig. 5 ; Table 2 ), while significant activation in the voluntary condition movement was found in the right precuneus (BA 7), left M1, bilateral SMA, bilateral parietal (BA7, 40), and bilateral insular cortices (P Ͻ 0.05, corrected; Fig. 6 ; Table 2 ).
DISCUSSION
The present study is the first to investigate the generation of facial expression of emotion using a method of functional neuroimaging. In the comic condition, there was significant correlation between EMG signals and rCBF in the bilateral SMA and left putamen. In the voluntary condition, as expected, there was significant correlation in the face areas of bilateral M1 and bilateral SMA. Comic condition as opposed to the voluntary condition did not activate M1, although voluntary condition as compared with the comic condition activated left M1. These findings demonstrated the distinct neural substrates between facial expression of pleasant emotion and voluntary facial movement mimicking a laughing or smiling face, and indicated that the SMA and left putamen are of importance for emotional facial expression. The SMA is supposed to be involved in the planning, decision, and complex components of movement and may play a significant role in preparation for the execution of sequential motor actions, particularly those arising from internal intent (Marsden et al., 1996) . The basal ganglia, including putamen, have functional architecture essentially par- Note. The coordinates correspond to those of the brain atlas of Talairach and Tournoux (1988) . The number at the bottom of the activated region corresponds to Brodmann's area. SMA, supplementary motor area; M1, primary motor area; Bil, bilateral; Lt, left; Rt, right. Voxel threshold is 20 in the activation in the voluntary condition. Note. The coordinates correspond to those of the brain atlas of Talairach and Tournoux (1988) . The number at the bottom of activated region corresponds to Brodmann's area. SMA, supplementary motor area; Bil, bilateral; Lt, left. allel in nature and are involved not only in the execution of movements but also in the preparation for movement. The SMA projects to putamen and forms basal ganglia motor circuit, one of a family of basal ganglia-thalamocortical circuits. The basal ganglia motor circuit is somatotopically organized with arm, leg, and face representation (Alexander and Crutcher, 1990) . The function of this circuit has been studied in behaving primates under various motor tasks, but has never been studied from the perspective of emotional expression. Our findings of the parametirc analysis in the comic condition suggest the role of basal ganglia motor circuit in emotional facial expression. The evidence from EFP emphasizes the importance of thalamus, striatocapsular region, frontal subcortical white matter, medial prefrontal lobe including SMA, cerebellum, and dorsolateral pontine area for emotional facial expression (Hopf et al., 1992 (Hopf et al., , 2000 Ross and Mathiesen, 1998; Laplane et al., 1977) and supports this suggestion.
The present factorial analysis indicated that the comic condition as opposed to the voluntary condition activated the bilateral occipital cortices (BA 18, 19) , bilateral occipitotemporal cortices (BA 37), left anterior temporal cortex (BA 38), left uncus (BA 26), left orbitofrontal cortex (BA 11), and right medial prefrontal cortex (BA 9). Among these regions, the occipital and occipitotemporal cortices reportedly subserve as processing centers for visual cognition (Paradiso et al., 1999; Reiman et al., 1997; LeDoux, 2000) . In addition to this visual processing, auditory stimuli composed of semantic jokes have also activated the occipitotemporal regions (BA 37) (Goel and Dolan, 2001) , suggesting that these regions are involved in the detection of "incongruity" in external stimuli that could produce pleasant emotion. The locus of activation in the present study was also found in the medial ventral part of the left orbitofrontal cortex, reported to be a reward area (Goel and Dolan, 2000; O'Doherty et al., 2001) or a region responsible for inducing laughter with mirth (Arroyo et al., 1993) . Thus, this orbitofrontal activation could be associated with the pleasant emotional experience in humans. Several activation studies on emotion reported medial prefrontal activation analogous to our results regardless of the emotional valence, suggesting that conscious experience of emotion may be related to the medial prefrontal cortex Teasdale et al., 1999; Lane et al., 1997) . The gelastic epilepsy of temporal lobe origin sometimes accompanies pleasantness (Gascon and Lombroso, 1971; Loiseau et al., 1971) . Current stimulation of left basal temporal lobe could induce laughter with mirth (Arroyo et al., 1993) . These reports suggest that the temporal lobe may be associated with pleasant experience. However, there may be the possibility that the temporal lobe is associated with emotional cognition and that cognitive process would produce emotional experience subsequently. Regretfully, our experimental design could not determine which possibility was favorable.
The amygdala, in general, is involved in negative emotion such as fear (LeDoux, 2000) , but some investigators reported a role of this structure in both positive and negative emotions (Hamman et al., 1999) . In the present study, we used a strict statistical threshold in the analysis to avoid type I error. Therefore, it might be possible that we failed to detect the activation of this structure considered to be important for emotion. The analysis at the lowered statistical threshold indicated a tendency for bilateral activation of the amygdala (left amygdala, x, y, z ϭ Ϫ30, Ϫ4, Ϫ26, Z score ϭ 3.79; right amygdala, x, y, z ϭ 30, Ϫ2, Ϫ18, Z score ϭ 4.11; P Ͻ 0.001 uncorrected), implying a role for the amygdala in the cognitive and experiential processes of pleasant emotion.
During voluntary face movement relative to the comic condition, significant activation was found in the right precuneus (BA 7), the facial area of the left M1, the bilateral SMA, the bilateral parietal cortices (BA 7, 40) , and the bilateral insular cortices ( Fig. 6 ; Table 2 ). This result resembles that of the significant correlation between rCBF and the EMG score of voluntary movement (Fig. 4) . Although the SMA involvement was indicated in both the parametric analysis of the comic and the voluntary condition, the comparison of the two conditions indicated that the involvement of SMA was stronger in the voluntary condition than in the comic condition. The activation in the precuneus might indicate that the cued facial movement is analogous to the motor response to the tasks tuned with visual keys because the precuneus is reportedly involved in the execution of regular tapping movement in response to visual cues (Lutz et al., 2000) . However, the interpretation of the findings from the factorial analysis could include limitations since there might be several confounding factors of uncounterbalanced motion induction between laughter/smile and voluntary movement, the fixed condition order, the discontinuous nature of film clips in the voluntary condition and comparison of scans differing in time by six months.
Although less vulnerable than fMRI, head movement is a central issue to be overcome even in a PET study. On this point, we analyzed the maximal movement parameters during PET scan for rCBF measurement, using the video-taped records of the all subjects' heads in two conditions (the comic and the voluntary conditions). The head deviations in the biggest and slightest facial expression of pleasant emotion and in the biggest and slightest voluntary movement were estimated and did not show any significant differences. These data of head deviations with neither difference between comic and voluntary contraction condition nor between maximal facial expression of pleasant emotion and minimal one guaranteed that the results of PET were not affected by motion artifacts.
There is a possibility that partial volume effect of extracranial radioactivity can contribute falsely to the brain activation in the present study. However, no difference in magnitude of muscle electrical activities between the comic and the voluntary conditions with different activation patterns between them indicates that extracranial radioactivity, if any, was negligible. In addition, comparison of individual MR images with corresponding PET images could exclude the significant radioactivity outside the brain.
There are varieties of clinicopathological studies on VFP, gelastic epilepsy, brain current stimulation, and pathological laughter, which could delineate the neural circuits of emotional facial expression and voluntary facial movement. Therefore, we should discuss the neural circuits of emotional facial expression and voluntary facial movement with reference to these studies and our present findings.
Regarding voluntary movement, motor command is supposed to arise from M1, descends in the corticobulbar tract to pons, and ends in facial nucleus. Recent case reports of VFP originated from pontine ischemia (Topper et al., 1996; Trepel et al., 1996; Urban et al., 1998) indicated the fibers conveying voluntary and emotional commands are still separated in the level of the pons. These cases developed VFP contralateral to their lesions. Urban et al. (2001) reported that the corticofacial fibers travel within the ventromedial base of the pons and cross the midline at the level of the facial nucleus in the majority of patients. Thus, the neural pathway of voluntary facial movement is delineated in detail.
Gelastic epilepsy, which is characterized with the seizure manifested by laughter, is originated from hypothalamic hamaltoma and frontal and temporal cortex (Loiseau et al., 1971; Gascon and Lombroso, 1971; Arroyo et al., 1993) . Typically, it is considered that gelastic seizures of temporal origin accompany pleasant feeling or mirth and that those of frontal origin do not accompany mirth and only the motor element of laughter is manifested. It is unclear whether seizures of hypothalamic origin accompany mirth because of loss of consciousness in these patients during seizure. The evidence from gelastic seizure suggests the separation of the processes of emotional experience and expression. The hypothalamus is involved in the autonomic nervous system and in endocrine mechanisms and appears to play a role in neural mechanisms of emotion. It has afferent and efferent fiber connections with the mesencephalon, limbic system, and cerebellum. The hypothalamic role in facial expression of pleasant emotion still remains unclear. We failed to detect the activity of this structure probably due to the limitation of temporal and spatial resolution of PET. Other sophisticated methods will be needed to clarify the functional role of hypothalamus in emotional facial expression.
There are several reports of induced laughter by brain current stimulation. Electrical stimulation of the fusiform gyrus and parahippocampal gyrus (Arroyo et al., 1993) , SMA (Fried et al., 1998) , and orbitofontal and anterior cingulate corices (Sem-Jacobsen, 1968) produced laughter accompanied by a feeling of mirth. There is one report of induced laughter without mirth by stimulating the globus pallidus (Hassler and Riechert, 1961) . The evidence from current stimulation suggests the role of basal temporal and frontal lobes in laughter with mirth and the role of globus pallidus in motor component of laughter. This might mean that the striatum is involved only in emotional expression and that the frontal lobe is involved in emotional expression and could be involved in emotional experience and that temporal lobe is involved in emotional cognition and/or experience which would subsequently generate emotional expression. This explanation is consistent with our results that bilateral SMA and left putamen are related with the EMG signals and that bilateral occipitotemporal and left anterior basal temporal cortices and orbitofrontal and medial prefrontal cortices were activated in the comic condition.
Pathological laughter, which occurs either without an apparent triggering stimulus or following a stimulus that would not have led the subject to laugh, is a disorder of emotional expression rather than a primary disturbance of feeling. The traditional and currently accepted view is that pathological laughter is due to the damage of the corticobulbar tract to inhibit a lower center for laughter. Mendez et al. (1999) reported a patient with pathological laughter and proposed a neuroanatomical schema for laughter in accordance with this view. This view of the disinhibition of a lower center for laughter is opposed to the suggestion by Parvizi et al. (2001) that the cerebellar structures automatically adjust the execution of laughter to the cognitive and situational context of a potential stimulus and that critical lesions of pathological laughter occur in the cerebro-ponto-cerebellar pathways. The hypothesis of Parvizi et al. (2001) might be advantageous in the point that the widespread brain areas supposed to be involved in emotion could be integrated in this hypothetic model. They emphasize the modulatory role of cerebellum and cerebro-ponto-cerebellar pathways in emotional expression. Cerebellum projects to contralateral ventral lateral nucleus and ventral posterolateral nucleus of thalamus. A basal ganglia motor circuit which originates from SMA also passes through ventral lateral nucleus (Alexander and Crutcher, 1990) . It is possible that cerebellar projection to thalamus could affect the activities of basal gangliathalamocortical circuit which would generate facial expression of pleasant emotion. Although we reported the right cerebellar activation in the comic condition, the involvement of cerebellum in emotion is still hypo-thetic. To test this hypothesis, further neuroscientific studies will be required.
Regarding the neural pathway which conveys motor command of emotional facial expression from basal ganglia motor circuit to facial nucleus, Trepel et al. (1996) discussed the possibility that emotional facial innervation originates in the amygdaloid complex and associated limbic structures, travels through basal ganglia via the thalamus to the supplementary motor area or premotor cortex, and, from there, possibly partially via the external rather than internal capsule, to the contralateral motor facial nucleus. There are several pieces of evidence to support this possibility. The SMA is known to have coricospinal projection (Marsden et al., 1996) and a recent neuroanatomical study using anterograde and posterograde tracers in rhesus monkeys proved that SMA projects bilaterally to the medial part of facial nucleus (Morecraft et al., 2001) .
In the present study, we demonstrated the distinct neural substrates of generation of facial expression of pleasant emotion and voluntary facial movement mimicking laughter/smile in healthy humans, emphasized the importance of bilateral SMA and left putamen for emotional facial expression, and proposed a new neuroanatomical model of emotional facial expression by combination of basal ganglia motor circuit and cerebroponto-cerebellar pathways. Some brain regions were considered as associated with cognitive and experiential processing of pleasant emotion. More advanced neuroimaging techniques should unravel the sophisticated mechanism of emotion system in the whole brain.
